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SUMMARY	
  

•  NANOSECOND	
  vs	
  FEMTOSECOND	
  LASER-­‐MATTER	
  INTERACTION	
  AT	
  HIGH	
  INTENSITIES	
  	
  

•  ENEA	
  EXPERIMENT:	
  THE	
  ROLE	
  OF	
  PARAMETRIC	
  INSTABILITIES	
  

•  PALS	
  EXPERIMENT:	
  THE	
  ROLE	
  OF	
  THE	
  NANOPARTICLES	
  AND	
  RESONANT	
  ABSORPTION	
  

•  CONCLUSIONS	
  AND	
  PERSPECTIVES	
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Supra-­‐thermal	
  par*cles	
  in	
  Laser-­‐MaXer	
  
Interac*on	
  at	
  High	
  Intensi*es	
  

The	
  laser-­‐maXer	
  interac*on	
  at	
  high	
  intensity	
  is	
  
accompanied	
  by	
  the	
  produc*on	
  of	
  par*cles	
  with	
  
a	
  kine*c	
  energy	
  much	
  higher	
  than	
  that	
  would	
  
compete	
  at	
  the	
  plasma	
  produced	
  temperature.	
  

EAAC-2015  Danilo Giulietti  



Supra-­‐thermal	
  par*cle	
  popula*ons	
  and	
  
Electron	
  Plasma	
  Waves	
  

The	
  origin	
  of	
  this	
  supra-­‐thermal	
  electronic	
  and	
  
ion	
  popula*on	
  component	
  is	
  mainly	
  due	
  to	
  the	
  
presence	
  of	
  electronic	
  plasma	
  waves,	
  
responsible	
  of	
  the	
  accelera*on	
  of	
  a	
  small	
  
electron	
  frac*on	
  and,	
  as	
  a	
  consequence	
  of	
  	
  the	
  
escape	
  of	
  these	
  electrons	
  from	
  the	
  irradiated	
  
target,	
  of	
  a	
  few	
  ions.	
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Electron	
  Plasma	
  Waves	
  (1)	
  	
  
The	
  mechanisms	
  of	
  crea*on	
  of	
  the	
  electron	
  plasma	
  
waves	
  are	
  manifold.	
  They	
  depend	
  heavily	
  on	
  the	
  
intensity	
  and	
  dura*on	
  of	
  the	
  laser	
  pulse.	
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Electron	
  Plasma	
  Waves	
  (2)	
  	
  
•  For	
  pulses	
  of	
  nanosecond	
  dura*on	
  the	
  electron	
  waves	
  are	
  

created	
  mainly	
  by	
  the	
  onset	
  of	
  some	
  parametric	
  instabiliJes	
  
(SRS,	
  TPD)	
  and	
  specific	
  absorp*on	
  mechanisms	
  (Resonant	
  
Absorp*on).	
  

•  In	
  the	
  regime	
  of	
  ultra-­‐short	
  pulses	
  (femtoseconds)	
  these	
  
instabili*es	
  not	
  have	
  enough	
  	
  *me	
  to	
  grow	
  and	
  the	
  electron	
  
waves	
  are	
  excited	
  by	
  almost	
  resonant	
  mechanisms	
  induced	
  by	
  
ponderomoJve	
  forces	
  (SMLWF,	
  LWF,	
  Bubble	
  regime).	
  
However,	
  in	
  this	
  regime	
  energe*c	
  par*cles	
  can	
  be	
  produced	
  
also	
  by	
  other	
  mechanisms,	
  such	
  as	
  the	
  Coulomb	
  explosion	
  or	
  
the	
  RPA.	
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D. Giulietti, Propagation of super-intense and ultra-short laser pulses in plasmas,  Physics Procedia, 62, 48-58, 
2015, doi: 10.1016/j.phpro.2015.02.010 
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Nanosecond laser pulse on solid target @ 1014 W/cm2  

Courtesy of M.H. Key 



ENEA	
  experiment	
  	
  Fast	
  parJcles	
  and	
  parametric	
  instabiliJes	
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ABC LASER: 2 BEAMS, 100J in 2ns 

2015 



Coutesy of R. De Angelis 
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Best fit for 11B3+  
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11B3+   ≈ 700 keV 
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TOF 



Parametric	
  Instabili*es	
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Supra-thermal electrons ≈ tens of keV 
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THE	
  ROLE	
  OF	
  THE	
  NANOPARTICLES	
  AND	
  
RESONANT	
  ABSORPTION	
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PALS	
  EXPERIMENT	
   2014 



ASTERIX 

ProperJes	
   Laser	
  Asterix	
  

Intensity	
   1015-­‐16	
  W/cm2	
  

Maximum	
  Energy	
   1	
  kJ	
  

Pulse	
  dura*on	
   300	
  ps	
  

Wavelenght	
   1315	
  nm	
  –	
  438	
  nm	
  

Focal	
  dimension	
   70	
  µm	
  

Beam	
  profile	
   Gaussian	
  

Beam	
  diameter	
   29	
  cm	
  

Power	
   	
  3	
  TW	
  

Repe**on	
  rate	
   1	
  shot/20	
  min	
  EAAC-2015  Danilo Giulietti  



Experimental set-up 

TNSA Regime 

Diagnostics 
 

•  SiC in TOF configuration 
•  Ion collectors (IC) in TOF configuration 
•  Thomson parabola specrometer (TPS)  
•  X-ray streak camera 
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 Advanced thin targets (1-10 µm  thick) 
 



Au Nanorods and Nanospheres 

The resonant frequency for these oscillations in metallic NPs 
corresponds typically to UV–Vis-IR light and consequently, the Surface 
Plasmons resonance arise absorption bands in this region of the spectrum. 
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Pure PVA 
polyvinyl alcohol, (C2H4O)x 

0.0 5.0x10-8 1.0x10-7 1.5x10-7 2.0x10-7
-10

0

10

20

30

40

50

60

70

 

 

Y
IE

LD
(V

)

TOF(sec)

 EL=458J
FP=-100µm
SiC1
PVA+ Au 

E (H+) = 3 MeV

300	
  nm 

0.0 5.0x10-8 1.0x10-7 1.5x10-7 2.0x10-7
-10

0

10

20

30

40

50

60

70

 

 
Y

IE
L

D
 (

V
)

TOF (sec)

  EL=478J
FP=-100µm
SiC1
PVA, 8 µm

E (H+) = 700 keV

- Enhance of electron density 
- Resonant absorption effects 

 

Au nanospheres, D ~ 50 nm,  
Embedded in PVA+A.R. by Spinning 
deposition (10 mg/10 ml), 10 um thick 

TOF Spectra from SiC detectors 

DTOF = 62 cm 
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kT~ 2.5 keV 

kT~ 0.5 keV 

X-Rays Streak Camera  
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PVA 

PVA + Au NP 

Ep-max ~ 650 keV 

Ep-max ~ 1.9 MeV 

 Thomson Parabola Analysis 



θ inc = 0°  →  E
→

⋅
!
∇ne = 0

RESONANT ABSORPTION 

 No	
  resonant	
  absorp*on	
  

θinc ≠ 0→
!
E⋅
!
∇ne ≠ 0

Resonant	
  absorp*on	
  occurs	
  for	
  linear	
  polariza*on	
  
in	
  p	
  incidence:	
  resonant	
  longitudinal	
  plasma	
  wave	
  
excita*ons	
  at	
  ≈	
  cri*cal	
  density	
  surface.	
  

Resonant absorption of about 50% laser energy for 
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Ep = 0.7 MeV 

Ep = 1.8 MeV p-polarized light 
Θ=30° 

FP = -100 um 
E= 480 J 

s-polarized light 
Θ=30° 

FP = -100 um 
E= 480 J 

TOF 
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L. Torrisi, L. Calcagno, D. Giulietti, M. Cutroneo, M. Zimbone, J. Skala, Laser irradiations of advanced targets promoting 
absorptio resonance  for ion acceleration in TNSA regime,NIMB, 2015 (in press) http://dx.doi.org/10.1016/j.nimb.2015.01.019 

 



CONCLUSIONS	
  AND	
  PERSPECTIVES	
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* Since the beginning of the high power pulsed laser era, the energy of some particles, emerging 
from plasmas generated in laser matter-interaction, was found sensibly higher than that expected 
on the basis of the plasma estimated temperature. 
 
* The evolution in the laser pulse amplification techniques and the progressive shortening of the 
pulse duration was accompanied by a corresponding increase in power. This led to the 
production of particles of increasingly greater energy as new acceleration mechanisms could be 
reached. 
 
* The characteristics of these sources of energetic particles strongly depend on the laser-pulse 
and target parameters, opening to different applications,  from advanced acceleration 
technique to medicine, from new X-ray sources to the inertial confinement fusion. 
 
* Ultra-short and ultra-intense laser pulses are accompanied by ps-ns pedestal that can 
induce physical mechanisms interfering with the ones used to efficiently  accelerate the 
particles, if the (main pulse/pedestal) contrast ratio is not low enough. 
 
 
  

D. Giulietti and A. Curcio, Laser induced plasma channels and related X-gamma ray sources, NIMB, 2015 (in press) http://dx.doi.org/10.1016/j.nimb.2015.02.011 
D Giulietti,  The particle laser-plasma acceleration in Italy. JOURNAL OF PHYSICS. CONFERENCE SERIES, vol. 508 , 2014 
M. Ferrario et al., Interdisciplinary research infrastructure based on dual electron linacs and lasers. NIM A, vol. 740, p. 138-146, 2014.  
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